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Trichomonal vaginitis: evaluation of serological tests
and identification of immunoreactive surface peptides
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SUMMARY An indirect haemagglutination assay (IHA) with polysaccharide and protein antigens of
Trichomonas vaginalis and an enzyme linked immunosorbent assay (ELISA) were used to test for
antibodies against T vaginalis in 58 women with trichonomal vaginitis and 48 with non-specific
vaginitis. Eleven antibody positive sera were used in a radioimmunoprecipitation assay (RIPA) to
identify surface peptides that elicited antibody responses in infected women. The serological tests
were less sensitive than biological tests (smear examination and culture); antibodies were detected in
22 ofthe 58 women with trichomonal vaginitis by IHA using polysaccharide as antigen, in 27 by IHA
using protein antigen, and in 36 by ELISA. The ELISA was also found to be of low specificity. Only
two of the 11 sera tested by RIPA showed positive reactions with surface antigens, which were
confirmed by autoradiography.

Trichomoniasis caused by the flagellate parasite
Trichomonas vaginalis is one of the most common
sexually transmitted diseases.'2 It is characterised by
severe inflammation of the vagina, foul smelling
vaginal discharge, discomfort, and tissue cytopath-
ology.34 In certain circumstances the patient may be
symptomless or may have scanty vaginal discharge.56
The factors that determine the severity of the disease
are still to be ascertained. Understanding of host
humoral and cellular immune responses to this infec-
tion is incomplete.7'9
The triad of tests consisting of wet mount examina-

tion, culture, and acridine orange staining of the
vaginal discharge, remains the main tool oflaboratory
diagnosis for trichonomiasis."''2 Several serological
tests-such as the indirect haemagglutination assay
(IHA), complement fixation test (CFT), and the
enzyme linked immunosorbent assay (ELISA)-have
been developed for diagnosing trichomoniasis, but
none has been widely evaluated and accepted."'' The
nature of the antigens of T vaginalis that provoke the
serological response in man also remains unknown.
Attempts at antigenic analysis have been made using
monoclonal antibodies for detecting both species
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specific and cross reacting antigens.'920 We undertook
the present study to evaluate the efficacy of three
serological tests in diagnosing T vaginalis infection.
We also attempted to characterise the surface protein
antigens of the parasite responsible for the serological
response.

Patients and methods

SELECTION OF PATIENTS AND CONTROLS
After obtaining their consent, we studied 106 women
of childbearing age (15 to 47) attending the
gynaecology outpatient department of the All India
Institute of Medical Sciences, New Delhi, with signs
and symptoms of vaginitis. Vaginal discharge was
collected from the posterior fornix of the vagina of
each woman with two cotton tipped sterile swabs on at
least three separate occasions. At each visit one swab
was immediately inoculated into 2 ml Diamond's
axenic culture medium and incubated at 37°C.2' The
other swab was rolled in normal saline over a slide, and
the wet mount was examined by light microscopy for
the presence of T vaginalis. The culture tubes were
examined daily for seven days for the presence of
motile trichomonads before being considered as giving
negative results. One of the isolates was maintained by
serial biweekly cultures for raising antiserum and
preparing antigen for various serological tests.
Patients consisted of 58 women with frothy vaginal
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discharge who were positive for T vaginalis by wet
mount examination or culture of vaginal discharge, or
both. The control group consisted of 48 age matched
women with clinical signs of vaginitis, but negative
results for T vaginalis in smear or culture, or both.

INDIRECT HAEMAGGLUTINATION ASSAY (IHA)
This assay was performed according to the technique
described by Mc Enteggart et aPl with slight modifica-
tions.

IHA with polysaccharide antigens

Antigen preparation-Carbohydrate antigen was

prepared using Fuller's formamide extraction
procedure.23 Briefly, saline washed parasites from
50 mhl of a 48 to 72 hour old culture of T vaginalis were
suspended in 1 ml formamide and heated at 1500C for
10 minutes after the addition of 2.5 ml acid alcohol
(95 parts absolute ethanol and five parts of hydro-
chloric acid 2 mol/l. After the mixture had been
centrifuged at 900 x g for 30 minutes, the sediment
was dissolved in 1 ml physiological saline and the pH
adjusted to 7. The working dilution of the antigen was
found by chequer board titration.

Control serum sample-Two adult New Zealand rab-
bits were given six injections of live T vaginalis, each
consisting of 10' organisms in 1 ml physiological
saline, over a three week period. One week after the
last injection hyperimmune serum samples, which
gave positive results by IHA at a 1:60 dilution, were
collected. Serum from a six month old infant, which
had been adsorbed with T vaginalis, was used as

negative control serum.

Test procedure-A 2% suspension of saline washed
sheep red blood cells (SRBC) was sensitised with a

working dilution ofthe antigen at 37°C for four hours.
Serum samples to be tested, including those from the
controls, were adsorbed overnight with SRBC and
then inactivated at 56°C for 30 minutes. Doubling
dilutions were made in physiological saline in
microtitre plates at 0.05 ml volume per well, followed
by 0-025 ml of sensitised SRBC. The plates were
incubated at 37°C for one hour and at 40C overnight.
The end point was the dilution yielding at least 50%
haemagglutination, as shown by carpeting in the wells.
Any serum giving a positive result at a 1:15 dilution
was identified as giving a positive reaction.

IHA with protein antigen
An IHA with crude extract antigen of T vaginalis was
performed by a method similar to that for Entamoeba
histolytica.24 The control serum samples were the same
as in the assay with polysaccharide antigen.

Antigen preparation-Saline washed parasites from
50 ml of a 48 to 72 hour culture of T vaginalis were
suspended in 1 ml phosphate buffered saline (PBS),
pH 6.4, and sonicated at 3000 khz an hour for three to
five minutes. The preparation was centrifuged at
15000 x g for 15 minutes at 4°C, and the clear
supernate was used as the antigen. The working
dilution ofthe antigen was estimated by chequer board
titration.

Test procedure-A 2.5% suspension of tanned SRBC
was sensitised with the working dilution of antigen at
25°C for 30 minutes. The test procedure and inter-
pretation of the results were similar to those described
for the assay with polysaccharide antigen.

ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA)
Conjugated antiserum-Rabbit antihuman immun-
oglobulin conjugated with horseradish peroxidase was
obtained from Dakopatts (Switzerland). Preliminary
titration of the conjugated antiserum with human
immunoglobulin showed that the optimum dilution
that could be used was 1:1600.

Antigen preparation-Saline washed parasites from
50 ml of 72 hour culture of T vaginalis were suspended
in 1 ml 0.5 mol/l carbonate buffer, pH 9-6, and
sonicated briefly on three occasions using the
methods already described. The protein content of the
extract was found to be 6-75 mg/ml by Lowry's
method.25 By using gradually diminishing concentra-
tions of antigen and different dilutions of several
positive and negative serum samples, the working
concentration of the antigen was found to be 50 ng
protein/ml.

Control sera-One of the test serum samples giving
positive results by both IHAs at high dilutions was
used as the positive control serum. The negative
control serum was the same as that used in both IHAs.

Testprocedure-Leaving the first vertical row blank as
a control, all other wells of micro ELISA plate
(Linbro, Flow Laboratories) were coated overnight
with 100 MI working dilution of the antigen. This was
followed by thorough washing in PBS-Tween 20 (PBS
pH 7.4 with 0.5% polysorbate 20 (Tween 20)), which
we used for washing and dilution. Unbound sites were
blocked by 3% bovine serum albumin 100 tI for two
hours, and then plates were washed thoroughly. All
the sera were tested at a 1:100 dilution. The covered
plates were kept at 25°C for four hours and then
washed thoroughly. Each well of the plate was
incubated with 100 u1 of the optimum dilution of
conjugated antiserum at 25°C overnight and then
washed thoroughly. Freshly prepared 0.04% ortho-
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phenylene diamine in phosphate citrate buffer, pH 5 0,
containing hydrogen peroxide was added to each of
the wells in 100 pI volumes. After 15 minutes incuba-
tion in the dark at room temperature, the reaction was
stopped with 100 Id of sulphuric acid 2 mol/l. The
plates were read at 492 nm in a Flow Titretek ELISA
reader. Any serum sample with an absorbance value
greater than half the sum of those of positive and
negative controls was taken as positive.

RADIOIMMUNOPRECIPTATION OF SURFACE
ANTIGENS
The parasites from a 48 hour culture of T vaginalis
were washed three times in PBS, pH 7.2, and the
parasite count was adjusted to 6 x l0' parasites per
0-2 ml volume.

Iodination-Surface iodination was carried out using
the iodogen method.26 The inner surface of a
10 x 30 mm glass tube was coated with 10 pg iodogen
(Pierce Chemicals, USA) dissolved in 0.5 ml
chloroform. The choloroform was allowed to
evaporate leaving a coat of iodogen on the inner
surface of the tubes. In it 500 pCi carrier free radioac-
tive iodine ('2I) (Amersham, England) was incubated
(with intermittent shaking) with 5 x 10' living
parasites for 10 minutes. The variability of the
parasites was checked under a microscope. More than
95% ofthe parasites were found to be motile at the end
of iodination. They were transferred to another tube
and washed three times in PBS, pH 7.2, to remove free
iodine.
The membrane proteins were solubilised using a

solution containing 10 mmol/l phenyl methyl sul-
phonyl fluoride (PMSF), 5 mmol/l iodoacetamide,
10% Triton X-100, and 5% sodium deoxycholate in
physiological saline. The preparation was centrifuged
at 10000 rpm for 20 minutes to remove all the
insoluble material.

Radioimmunopreciptation-Protein A Sepharose
(Pharamacia, Upsala, Sweden) was swollen in TRIS
(trometanol) and hydrochloric acid (0.5 mol/1 with
0.15 mol/l sodium chloride), pH 8-2. It was incubated
with each patient's serum for one hour. The resulting
protein A Sepharose antibody complexes were packed
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into Eppendorff tip columns and incubated for one
hour with 100 MI antigen (count adjusted to 1 x 106
counts per minute (cpm)/ml). After being washed with
a 50 column volume of TRIS and hydrochloric acid
with Triton X-100, the antigen antibody complexes
were eluted in 50 MI glycine hydrochloric acid buffer,
pH 2-3, radioactivity was counted, and they were
neutralised to pH 7.0. Controls (a known negative
serum, a positive serum, and antigen) were passed
through a protein A Sepharose column.

SODIUM DODECYL SULPHATE-POLYACRYLAMIDE
GEL ELECTROPHORESIS (SDS-PAGE) AND
AUTORADIOGRAPHY
The eluates, antigen, and molecular weight markers
were analysed by polyacrylamide gel electrophoresis
(PAGE) with 10% sodium dodecyl sulphate (SDS)
under reducing conditions.2` The gel was stained with
Coommassie brilliant blue R 450 (Sigma), destained,
dried, and exposed to a NS 2T Kodak X ray film with
enhancer screen. The film was developed using 19D
developer.

Results

In wet mount preparations of vaginal discharge the
parasites remained actively motile for about three
hours at room temperature. In culture tubes they
could easily be detected in eight ofthe 58 patients by 24
hours and in 41 by 48 hours. Smear and culture
positivity was taken as the standard against which all
other tests were compared. Either one or both of them
were regarded as diagnostic for trichomoniasis.

Table 1 Positive serological results in patients positive by
smear or culture, or both

Positive by IHA using:

Positive Polysac- Positive
biological charide Protein Both by
test results No antigen antigen antigens ELISA

Smear 3 0 3 0 3
Culture 11 4 3 2 4
Smear and culture 44 18 (41) 21 (48) 13 (30) 29 (66)

IHA = Indirect haemagglutination assay.
ELISA = Enzyme linked immunosorbent assay.

Table 2 Comparison ofresults ofserological testsfor antibodies to Trichomonas vaginalis

Positive in IHA with:

Polysaccaride Protein Both Positive Positive
antigen antigen antigens by ELISA in all

Patients 58 22 (38) 27 (47) 15 (26) 36 (62) 15 (26)
Controls 48 6 (13) 7 (15) 2 (4) 26 (54) 2 (4)
Difference p = 0005 p = 0001 p = 0005 NS p = 0005

For meanings of abbreviations see table 1.
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Figure Autoradiograph ofradioimmunoprecipitates
analysed in 1000 sodium dodecyl sulphate-polvacrylamide gel
electrophoresis under reducing conditions. Lane A = control
cord .serum preabsorbed hy Trichomonas vagina/is, lanes B to
L - patient.s svera uwith antibodi to T vaginali.s by indirec t
haemagglutinatio)n and en )me linked immunosorbent assays;
lane M=- soluhilisved .surface radioiodinised parasite.

Of 58 patients with a definitive diagnosis, 44 were
positive by both smear and culture, three by smear
alone, and 11 by culture alone (table 1). We found
antibodies to trichomonads by IHA using polysa-
charide in 22 patients and using crude extract antigens
in 27 (table 2), which were significantly (p < 0 005 and
p < 0 00l) more than the numbers of controls with
antibodies. In the ELISA 36 patients and 26 controls
were found to be positive, not a significant difference.
When IHAs with either antigen were considered

together only 15 patients and two controls gave
positive results. If the ELISA was considered with the
IHA the results did not change.
The figure shows antigenic analysis by SDS-PAGE.

Of the= patients tested, only two showed an
immunological reaction with surface protein antigens.
Seven bands were detected in the semen of one patient
and three in that of the other.

Discussion

In the present study 58 (55%) out of 106 randomly
collected cases of vaginitis were found to be associated
with T vaginalis. This indicates the high prevalence of
trichomoniasis in India Comparable figures have
been found by other workers from different parts of
the world.l228 Trichomoniasis is therefore probably
one of the most common sexually transmitted diseases
in many parts of the world. Culture and smear
examinations are probably the best way to diagnose T
vaginalis infection, although culture was found to be
more sensitive (though not significantly so) than smear
examination in our study This finding corroborates

earlier work that found culture to be more sensitive
than smear examination." 28 29

In this study the IHA using either polysaccharide
antigen or crude antigen extract detected antibodies in
about 25% of cases. It was, however, highly specific
(table I) (p < 0001 and p < 0005). Though previous
workers had predicted that results may be different
when both antigens are used, use of polysaccharide
antigen or crude extract antigen made little difference
in the IHA as far as sensitivity or specificity was
concerned. Even though the ELISA was found to be
slightly more sensitive than the other two tests, it was
the least specific, giving positive results in half the
control population.
Thus none of the immunodiagnostic tests have

either the sensitivity or the specificity of culture and
smear examination for diagnosing trichomoniasis. In
the present study, however, culture positivity did not
further increase seropositivity for trichomoniasis.

Several explanations can be given for the low
seropositivity in trichomoniasis. The assays used were
possibly insufficiently sensitive to detect antibody.
Furthermore, as trichomonal vaginitis is mainly a
surface infection, little mucosal antibody gains access
to the systemic circulation. The second explanation
may be that in the early stages of infection, when
parasites can be detected in smears or culture, or both,
antibodies were not produced.
Though the serological tests, apart from the ELISA,

were found to be highly specific, several explanations
can be given for the few false positive results detected.
These may have been caused by resolved past T
vaginalis infection, the presence of natural antibodies
against T vaginaliis, or the presence of cross reacting
antigens between T vaginalis and other intestinal
trichomonads, such as Pentatrichomonas hominis.'9 3032
As none of the serological tests were found to be

sensitive or specific enough, we tried to find a surface
antigen that can be purified and used to develop a
more sensitive and specific test. Radioimmuno-
precipitation of the surface antigens with sera from
several seropositive patients, however, did not show
reactions with any protein antigen except in two
patients. The antigenic stimulus is therefore probably
given by surface molecules other than proteins. This
leads to the belief that the exposed carbohydrate
antigens on the surface may be associated with
decreased systemic immunogenicity of the parasite. In
addition immunity may be primarily local, associated
with a secretory IgA response without a good systemic
immune response, which would lead to the inability of
the immunodiagnostic tests to detect T vaginalis
infestation.
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